Objective: From early gestation the human trophoblast secretes large amounts of inhibin A and activin A, and their measurement provides a value for predicting the outcome in women who become pregnant after assisted reproductive techniques. The aim of the study was to investigate the putative role of maternal serum inhibin A and activin A levels as markers of a viable trophoblast in women who miscarry. Design: Controlled cross-sectional study. Methods: One group consisted of 65 healthy pregnant women (controls), progressing to deliver a healthy singleton baby and another group consisted of 54 miscarriages (38 incomplete (27 nonviable, 11 anembryonic pregnancies) and 16 complete). Maternal blood samples were collected between 5 and 12 weeks of gestation. Results: Serum human chorionic gonadotrophin concentrations in women with incomplete or complete miscarriages were significantly (both P , 0:001) lower than in controls; activin A levels being lowest only in women with a complete miscarriage ðP , 0:001Þ: On the other hand, inhibin A levels were significantly lower in incomplete or complete miscarriage than in controls (both P , 0:0001). Conclusions: Maternal serum inhibin A, but not activin A, determination reflects the lack of a viable trophoblast in complete miscarriage.
Introduction
Inhibin A and activin A are ovarian dimeric glycoproteins composed of disulfide-linked a and ba subunits: inhibin A is a a/bA heterodimer, while activin A is a bA/bA homodimer (1) . During pregnancy, the human trophoblast (2, 3) , fetal membranes (4) and decidua (5, 6) express subunit mRNAs and immunoreactive proteins. Significant amounts of both proteins are secreted into the biological fluids of pregnancy (maternal and cord serum, coelomic and amniotic fluids) (7) , and the feto-placental unit is the main source of circulating inhibin A and activin A (8) . In fact, maternal serum levels of both inhibin A and activin A are higher than in non-pregnant women and increase during pregnancy (9 -13) . Multiple donor egg pregnancies have higher concentrations of both proteins compared with singleton donor egg pregnancies (14 -16) , and maternal circulating concentrations of inhibin A and activin A after the removal of the fetoplacental unit significantly and gradually decrease within the first hour, and decrease to even lower concentrations within the next 3 h (12). Several studies have attempted to relate the inhibin A measurement with the early pregnancy outcome prediction, some reporting no changes (10, 17) , and others report low levels and a very rapid decline of inhibin A concentrations in nonviable pregnancy (15, 16) . However, all these studies evaluated the early pregnancy outcome in women who became pregnant after assisted reproductive techniques, but none in women who were spontaneously pregnant. Furthermore, few data exist on activin A measurement at early gestation in spontaneous pregnancy (15) .
On the basis of these findings, patients with incomplete miscarriage (due to non-viable and anembryonic pregnancy) and complete miscarriage were studied, in order to ascertain whether activin A and inhibin A measurements, in comparison with human chorionic gonadotrophin (hCG), might provide a rapid and useful marker of early pregnancy viable placentation.
Materials and methods

Patients
Informed written consent was obtained from all patients prior to inclusion in the study for which local Human Investigation Committee approval was obtained.
Maternal serum was collected from a total of 119 consecutive pregnant women, and 54 of these came to the Division of Obstetrics and Gynecology, Universities of Siena and Padova, with early pregnancy bleeding. Following a positive pregnancy test and serum hCG measurement, ultrasound scans (USS) (Real Time Ultrasound Scan Equipment, Siemens Sonoline ELEGRA, Millennium Edition, Erlangen, Germany, with a transvaginal probe at 4.5 -7.0 MHz) were performed to confirm pregnancy viability.
Pregnant women were thus classified in the following diagnostic groups: (i) Healthy pregnant women (control; n ¼ 65), progressing to deliver a healthy term singleton baby; (ii) incomplete miscarriage ðn ¼ 38Þ: USS showed a non-viable embryo (absence of heart beat activity) in 27 patients (non-viable), while there was an anembryonic gestational sac in utero in the remaining (anembryonic; n ¼ 11); (iii) complete miscarriage (miscarriage; n ¼ 16): an empty uterus on USS with a history of the passage of the products of conception.
Blood samples for groups (ii) and (iii) were collected at the time of hospitalization, and when bleeding had occurred at least 12 h previously. The exclusion criteria were multiple pregnancies, diabetes, hypertension, fetal anomaly, maternal or fetal infection. Chromosomal abnormalities were not found in any of the abortive material collected. In all patients, the gestational age ranged from 5 to 12 weeks of pregnancy (Table 1) , as assessed by the last menstrual period and confirmed by USS at hospitalization. At this time, maternal blood was allowed to clot and, after centrifugation, serum was divided into several aliquots and stored at 2 80 8C until assay. All patients had a serum hCG determination in parallel.
hCG assay
Maternal serum hCG levels were assayed using an IMMULITE analyzer, with a commercial diagnostic kit (EURO/DPC Ltd, Llanberis, Gwynedd, UK). This assay has a sensitivity of 1.1 mIU/ml, and intra-and interassay coefficient of variation (CV) values of 2.1% and 3.1% respectively. The assay was highly specific for hCG, with no cross-reactivity with luteinizing hormone, follicle-stimulating hormone and thyrotrophin.
Activin A and inhibin A assay
Maternal serum activin A and inhibin A concentrations were measured using specific two-site enzyme immunoassays, as previously described (18), and according to the manufacturer's recommendations (Serotec, Oxford, Oxon, UK).
The limit of detection for activin A was less than 100 pg/ml, and intra-and interassay CV values for quality control samples were , 5.0% and , 7.5% respectively. The inhibin A detection limit was 4 pg/ml in serum, and intra-and interassay CVs were , 4.0% and , 8.0% respectively. Cross-reactions for each assay with the various inhibin-related proteins were less than 0.5%.
Activin A and inhibin A plates were read at 490 nm on an automated enzyme-linked immunosorbent assay plate reader (Basic Radim Immunoassay Operator, Radim Spa, Pomezia, Italy).
Data analysis
Serum hCG (mIU/ml), activin A (ng/ml) and inhibin A (pg/ml) levels were corrected for gestational age by conversion to multiples of median (MoM) of the healthy controls of the same gestational age. The results are expressed as medians and ranges. Differences between groups were assessed by one-way non-parametric Table 1 Summary of clinical data and values (multiples of median; median and range) of maternal serum activin A, inhibin A and hCG levels in the study population.
Healthy controls
Incomplete miscarriage Complete miscarriage
Non-viable No embryo
Gestational age (weeks) 
Results
Serum hCG, activin A and inhibin A MoM and median range are shown in Table 1 .
Patients with incomplete and complete miscarriage had significantly lower hCG levels than healthy controls (both P , 0:001). In fact, women with complete miscarriage showed the lowest hCG concentrations ðP , 0:05Þ (Fig. 1A) . As shown in Fig. 1B , serum activin A levels in healthy controls did not differ compared with incomplete miscarriage. Moreover, serum activin A concentrations did not differ between non-viable and anembryonic pregnancies (data not shown). Patients with complete miscarriage had the lowest levels of activin A, significantly lower than in the other two groups ðP , 0:001Þ (Fig. 1B) . Serum inhibin A levels were significantly lower in incomplete or complete miscarriage than in healthy controls (both P , 0:001) (Fig. 1C) and those with complete miscarriage showed the lowest inhibin A concentrations, lower than in incomplete miscarriage ðP , 0:05Þ (Fig. 1C) .
Discussion
The present study indicates the changes in both serum inhibin A and activin A concentrations in women with incomplete and complete miscarriage; in fact, the study confirmed that inhibin A levels in incomplete miscarriage were significantly lower than in healthy controls, as already reported by Lockwood et al. (15, 16) . Even though none of the hormones presently evaluated reliably discriminated between the anembryonic (blighted ovum) and the non-viable embryo pregnancy, as already reported (17), the present findings suggest that the production of inhibin A and hCG ceases early in the presence of a failed trophoblast. The evaluation of inhibin A levels, but not of activin A, may therefore be helpful in the management of early pregnancy problems. In addition, the lack of changes in activin A levels between controls and incomplete miscarriage may also be explained by the fact that during the first trimester of pregnancy the ovary may produce activin A, as the early pregnancy corpus luteum revealed intense hybridisation with the bA subunit in the granulosa cell compartment (19) .
In the presence of complete miscarriage, a condition associated with the failure of the trophoblast, maternal serum levels of the three proteins -hCG, activin A, inhibin A -are the lowest. These data are comparable with those shown in singleton pregnancy after the termination of pregnancy in the first trimester (from 6 to 12 weeks of gestation), when circulating concentrations of inhibin A and activin A significantly decrease within the first hour and gradually to even lower concentrations after the removal of the feto-placental unit (12) . However, a previous study (10) failed to detect significant inhibin A changes in seven incomplete miscarriages (from 4 to 9 weeks of gestation). This discrepancy may be due to the limited number of cases evaluated, but mainly to the fact that inhibin A concentrations were not corrected for gestational age, as serum levels progressively increase from 5 and peak at 9 weeks of gestation (10) (11) (12) . Thus, when evaluated in a larger population, according to the different gestational ages, or longitudinally in the same patients (12), inhibin A, activin A and hCG levels were found to be significantly lower in patients who miscarry than in healthy patients.
In conclusion, the present findings suggest that inhibin A measurement is more sensitive than activin A determinations in signaling first trimester pregnancy problems, and could be of help in the early prediction of first trimester outcome in pregnant women with incomplete or complete miscarriage.
